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It is by now well understood (Tonolli V. 1960; Vollenweider, 1964) 
that Lake Maggiore is to be regarded as an oligomictic lake, in the 
accepted meaning of this word as defined by Hutchinson & Loffler (1956). 
The large volume (37.7 km3) subtended by a relatively modest area (212 km2), 
the considerable maximum depth (370 m.) and mean depth (177 m.), the situation 
in a particular climatic zone where the winters for the most part are not 
too severe or windy, set forth the natural basis to the fact that in Lake 
Maggiore the winter circulation does not succeed in mixing each year the 
whole mass of water down to the greatest depth but is frequently restricted 
to the first 100 to 200 metres. This is true also of other insubrian lakes, 
such as Lake Lugano, and in all probability, Lake Como (Vollenweider 1964) 
and Lake Garda (D'Ancona, Mozzi & Merlo 1961). 
Lake Maggiore is then only holomictic in the winters which are so 
particularly severe that they succeed in breaking down most of the 
modest thermal stratification along the whole water column. 
On the significance of such an event in a basin as deep as that of 
Lake Maggiore, not much needs to be said: it is enough to record that 
only in flood circulations is the deeper part of the hypolimnium recharged 
with oxygen and that nutrient salts, accumulated and/segregated for years 
in the profundal zone of the lake, again reach the shallow parts of 
the lake where they can again be used in the trophogenic layers. 
This renewal of nutrients into the photic zone has to be looked upon 
as an event of great importance in a lake such as Lake Maggiore in which 
the rate of water replacement is very slow (Piontelli & Tonolli 1964). 
The importance of the setting up of holomixis after years in which 
a partial winter circulation has been recorded, has been emphasised, 
especially in its chemical aspects by Vollenweider (1964) who examined 
the situation in Lake Maggiore for five consecutive years (1960 to 1964) 
during the period of transition between the winter circulation and the 
start of stratification in the deepest part of the lake (that is to say 
between Ghiffa and the Rocca di Calde), while the question of the 
transport of nutrients was the object of experimental research carried 
out by Gerletti and Saraceni who have assayed the trophic potential 
of the hypolimnetic water regarding algal populations, using either 
the C l 4 method or by monospecific culture of algal isolates from the 
same lake (Gerletti & Saraceni, pers. comm.). 
But what can be the effect of alternation between meromictic and a 
holomictic state from a point of view more strictly related to the living 
organisms of the planktonic populations and in particular to the vertical 
distribution of the zooplankton, such as that of Lake Maggiore? 
From information which one can glean from the scientific literature 
one gets the impression of being faced with either vague statements or 
descriptions based on inadequate documentation. One is therefore obliged 
in the absence of proper research to describe the phenomenon in detail 
and to evaluate the consequences. To abstract from some ancient research 
on the Bodensee, Hofer (1899) at no time of year found plankton below 
50 metres: yet it is undeniable that some authors have foreseen some 
connection between the vertical distribution of the zooplankton and 
the thermal conditions at different seasons. Auerbach, Maerker and 
Schmalz (1923-1924) report on the planktological situation of the Bodensee 
between 1920 and 1922 and say that the water strata with the denser 
populations during summer are those down to 50m. but that in winter this 
depth limit is as low as 100m. and at the end of winter even deeper. 
The same result is evident in the work of Kozhov (1954, 1963) in the 
deepest part of Lake Baikal where the maximum summer (July - September) 
densities of zooplankton were present between the surface and 50m, 
whilst in May and June, and from October to January the zooplankton 
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are also distributed in the deepest water layers. 
For Lake Maggiore, the only valid results available are those 
given in the publications of Corbella, Delia Croce and Ravera (1956) 
and in particular to the contribution of Delia Croce which deals 
with research carried out from June 1953 to June 1954. At the end of 
the winter of 1953 - 1954, homothermy was not achieved and hence 
holomixy: in spite of that, Delia Croce noted that during the winter 
the zooplankton, and copepods especially, were present, although with 
decreasing density, down to the greatest depths whereas in summer it 
was clearly most numerous in the first 60m. of water. He attributed 
this phenomenon to absence in winter of a density stratification of 
thermal origin. 
Our research was planned without particular ambitions; to investigate 
precisely, taking advantage of the more precise collecting methods which are 
now possessed, the distribution throughout the year of the zooplankton 
of Lake Maggiore, in all depths down to 300m. 
The sampling was done with precise uniformity in method on each 
occasion. The spun cable on the winch always carried at its far end, a cable 
depressor. At distances, ascertained previously for a uniform speed of 
travel, were attached each time two plankton-samplers (Clarke and Bumpus) 
the deepest sampler a metre above the depressor, the rest arranged to 
operate at intervals of 50m from one to the next. The No.10 net was 
used. 
The samplers were lowered into the water closed, the speed of the 
boat brought to a speed-level such that the samplers, according to the 
number of metres on the cable and the angle formed with the vertical, 
would each reach the inferior level at which the sampling would begin: 
then the samplers were opened by messenger, towed through two successive 
sinusoidal traverses, after which they were closed at the same depth 
at which the sampling had started, and then retrieved. This procedure 
was followed in the same general way for the collections 0-50 and 
50-100 metres (angle of cable 30°: length of cable from 115 to 60 metres), 
100-150 metres and 150 to 200 metres (angle of cable 42°: length of 
cable from 250 - 195 metres), 200 - 250 and 250 - 300 metres (angle of 
cable 50°: length of cable from 405 - 350 metres). It is opportune to 
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mention here that we have made a modification to the two plankton-
samplers used, attaching to the closure valve, a celluloid disc which 
assures a perfect fit. Preliminary tests have shown indeed that the 
samplers when closed collected both while descending and ascending 
(before and after sampling) a quantity of zooplanktonic organisms 
which, given the scope of our research, was not tolerable. Collecting 
of zooplankton was done along the central axis of the lake in the region 
opposite the stretch of shore between Intra and Ghiffa, where the maximum 
depth of the lake always exceeds 300m. in depth. 
Water temperature was also measured on each sampling date at selected 
levels, with a reversing thermometer, from the surface to 300m. 
This research was started on 19 October 1962 and ended on 17 April 
1964. Collecting dates are given in all the tables, 3-20. 
The event of most interest in this enquiry was the meteorological 
state of the winter of 1962-1963, which, as shown by the data of Vole 
Vollenweider (1964) brought about in the lake consequences unexpected 
from many points of view. The winter was in fact characterized that year 
by atmospheric temperatures which were particularly severe and persisted 
from the start of January to the end of February 1963 and which, accompanied 
by strong winds, brought about not only a complete circulation of the water 
of the lake but caused a conspicuous lowering of the temperature of the 
whole mass of water. The isotherms indeed not only conformed to the 
temperatures of the deeper hypolimnion, which had up to then been at 6.1° C 
but were now lowered to 5-8°C with a corresponding loss of calories, 
truly exceptional, of 5 K cal/cm2 (Vollenweider, 1964). 
But the time-span of our research covers also the following winter 
in which a different thermal situation is immediately discernible from 
Fig. 1; it is clearly evident that while the 5.8°C isotherm persists 
during the winter of 1962 -1963 for two months (from the beginning of 
January to the beginning of March), the winter period of 1963-1964, with 
less severe atmospheric temperatures and not nearly so windy (Table 1) 
covers a much shorter period of time (from mid-February to mid-March), 
during which isothermal conditions are approached but not reached, the 
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circulation having affected only the water layers lying between the surface 
and about 120m. depth. It was reasonable to see developing in the second 
winter a meromictic situation which induced us to continue the sampling 
programme, taking thus the opportunity to obtain, in two consecutive years, 
the contrast between the two typical situations. 
For each of the six collections taken on each of 21 sampling trips, 
all the individuals present were counted, sub-divided into species, sex, 
stage of development and the number of eggs carried by ovigerous females. 
In tables 3-19, which summarize the density per cubic metre of the 
organisms at each depth and for 21 sampling dates, we have a preliminary 
table explaining the abbreviations we have used for the names of genera 
and species. 
Passing now to the analysis of the data it should be made clear that 
from previously acquired knowledge, particular attention should not be 
extended to the winter distribution of cladocerans and rotifers, which reach 
their maximal densities in the warmer months and are not therefore much use 
in furnishing a clear picture of the modality of the distribution of the 
zooplankton in relation to mixing of the lake in winter. There remain 
above all the copepods which can resolve our problem: in what way is the 
zooplankton population distributed under conditions of total or partial 
circulation of the lake. 
In reality, we have analysed also the total population of cladocerans 
and in particular their more noteworthy representative, Daphnia hyalina 
to see if, even when scarce in winter, it would behave in analogous manner 
to that of the copepods. 
Now, merely by superficial inspection of the results of enumeration 
(table 3-20), it is abundantly clear that, except for Mixodiaptomus laciniatus 
and Cyclops abyssorum in October, while up to the end of the sampling visits 
on27 December 1962, the maximum density of copepods were caught in the upper 
50 metres, already the collection of 24 January 1963, and successively 
those from 5 February to the 1st March show a massive invasion into the 
deeper layers, right down to 300m. Contrariwise, above all in February, 
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one could speak as if there were a dilution of population throughout 
the vertical column of water, obliging us, for example for adults of 
Mixodiaptomus laciniatus and for Copepodites and nauplii of Eudiaptomus 
vulgaris and of Cyclops abyssorum, to admit that the density in the different 
strata of water differs between them in a way which seems to be purely 
casual. It is as if the whole population has been overturned by the flood 
circulation to reach ultimately the maximum lacustrine depth. 
The situation is very different in the following winter, during 
which, as we have seen, the meteorological conditions were less 
severe and mixing of the lake water took place for only a short period 
of time and to a depth of little more than 100m. From the density values 
it is apparent that up to 21 Dec. 1963, copepods occupy almost exclusively 
the upper 50m of water; a month later they begin to penetrate to a depth 
of 100m. a phenomenon which at once becomes more evident in the two 
collections of February 1964, dying away again markedly in March. But 
that which is most evident and should be particularly emphasised is that, 
contrary to what happened during the winter months of 1962 to 1963, the 
hypolimnetic zone of water under 100m. remained almost uninhabited. 
This is therefore a fundamental enquiry into the consequences which 
the establishment or not of a winter flood circulation has with regard to 
the corresponding distribution of the zooplankton. 
We have tried to show with more directness our results, presented as 
graphs in figs 2-5, where are given, for Eudiaptomus vulgaris, Mixodiaptomus 
laciniatus and Cyclops abyssorum (we have excluded Mesocyclops leuckarti, 
a spring-summer form), the values of population density in a water column 
of the same area from the surface to the bottom of the lake at 300m. depth 
and also the percentage which the population forms at each depth. 
In study of these graphs, we can reach some interesting conclusions. 
In the first place, a cursory inspection shows at once that, as already 
described at the bottom of the table, there is a downward sinking of the 
population of Eudiaptomus vulgaris (Fig. 2), of Mixodiaptomus laciniatus 
(Fig. 3)» of Cyclops abyssorum (Fig.4), and of cladocerans (Fig. 5) during 
the months from January to March of 1963, when 50% of individuals were 
dispersed to below 120-140 metres. 
6 
The situation presented on the 24 May 1963 for the distribution 
of Cladocera merits brief note. Bosmina coregoni, which at this time 
forms a considerable proportion of the total cladoceran population, 
was caught (see table, 24 May 1963) in conspicuous numbers with many 
ovigerous females in the first 50 metres of water, but was also present 
though much less numerous, down to maximal depths: of particular interest 
is the fact that these latter individuals were all very young and it 
may be thought that they have hatched from resting eggs. After this 
very short period of abundance of Bosmina, this cladoceran appears 
sporadically in reduced quantity during the rest of the year (tables 
9-l4), confirming besides what had already been noted by V. Tonolli 
(1962) who, from analysis of quantitative samples in 1957-1958, calculated 
the mean annual percentage of Bosmina in the pelagic zone of Lake Maggiore 
as 0.03%. 
At the end of the winter 1963-1964 (about February 1964) there 
is much less evidence of the invasion of water strata below 50m by 
the zooplankton. It is barely indicated for Eudiaptomus vulgaris 
and for the cladocerans for which 50% of individuals remain confined 
to the first 20-30m. of water; it is a little significant for Mixodiaptomus 
laciniatus and for C. abyssorum which copepods are not characteristic of 
superficial waters as is Eudiaptomus vulgaris but prefer to live in water 
down to 50m. and thus colder. Mixodiaptomus laciniatus on the other 
hand is known to pass the winter period in the fourth and fifth Copepodite 
stages in much deeper water (Ravera; 1954) and that it lives in the surface 
layers only during the reproductive period at the end of winter, as is 
clearly evident in fig. 3. 
A more inclusive picture can be obtained by regrouping the results 
as in Fig.6. This graph has been constructed by adding together the 
population densities of Mixodiaptomus laciniatus & Cyclops abyssorum, 
of Eudiaptomus vulgaris and Mesocyclops leuckarti, of all Cladocera 
collectively and plotting these totals against time on the abscissa. 
Then the portion of the total population has been estimated which has been 
collected under 50 metres of depth and this is presented in the lower 
portion of each graph: it is clear that all the copepods have invaded 
the deeper water strata in much greater numbers in the winter of 1962-
1963 than in the following winter, but it is also evident that Mixodiaptomus 
laciniatus and C.abyssorum throughout the year are not limited in 
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distribution vertically in the water column to the first 50m. 
The same figure raises a further question: what becomes of that 
portion of the population which, during the winter in which the lake 
becomes holomictic, is found in the deep hypolimnetic water-layers. It 
is readily seen that the post-winter populations of 1963 and 1964 have 
a different numerical stock and above all a different precocity on the 
return of spring. The low populations of 26 March 1963 are very 
conspicuous: the copepods in all their stages of development achieved 
in the whole water-mass from the surface to 300m. in depth only 3,360 
individuals per cubic metre and the cladocerans of 42 individuals per cubic 
metre. On the 24 April of the same year, the copepods had increased to 
10,701 individuals/m3 while the cladocerans remained at 42 individuals/m3. 
In 1964, after the limited circulation previously described, on the 
13 March and the 17 April, the copepods were represented respectively 
by 16,820 and 26,2l8 individuals/m3 and the cladocerans by 2l6 and 223 
individuals per cubic metre, which, for the same period of the year, 
correspond in density broadly calculated, from 3 to 5 times greater in 
1964 than in 1963. 
It is of interest to observe (Fig. 6) that the maximum density of the 
two copepod species which can be defined as cold stenotherms (Mixodiaptomus 
laciniatus and Cyclops abyssorum occurred in 1963 towards the end of May 
and in 1964 at the end of February. On the other hand, the two copepods 
which prefer warm surface layers of water (Eudiaptomus vulgaris and 
Mesocyclops leuckarti) did not succeed in attaining in 1963, except during 
the summer period, the density which they had reached already by 17 April 
in 1964, the date of our last sampling. 
This result has a significance which seems to us very important. 
The portion of the planktonic population which carried by the flood 
circulation, reaches great depths has suffered evidently from a situation 
of extreme hardship. It is indeed reasonable to think that the zooplankton 
which descend to great depths on account of the smaller amount of food 
available in the profundal water, do not obtain the necessary energy to 
to make an upward journey, firstly because the surroundings are practically 
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devoid in vertical gradient of living conditions and through the general 
unidirectional shortage of vertical movement of the same zooplankton, 
which thus offers an enterprise with very small probability of success. 
This exclusion of a part of the zooplankton population from the 
immediate dynamic productivity of the upper water-strata is a phenomenon 
which ought to be taken into serious consideration. Indeed, the event of 
a flood circulation should be expected, according to the calculations of 
Vollenweider (1964) every five to seven years. Hadzisce (1966) has 
analysed, on the basis of temperature measurements and from determinations 
of dissolved oxygen conducted uninterruptedly for 24 years (from l94l -42 
to 1964-65), if and when Lake Ohrid has a flood circulation (see also 
Stankovic, 1960). He comes to the conclusion that this lake becomes 
holomictic every seven years, namely, within the limits of the period 
of his observations, during the winters of 1941-42, 1948-49, 1955-56 and 
1962-63. It is interesting that the last flood circulation in order of 
time occurred in 1962-63 exactly as in Lake Maggiore, and this coincidence 
is highly probable also for the winter of 1955-56 (Vollenweider 1964). 
We do not possess however thermal data for a more complete comparison, 
backwards in time, with Lake Ohrid. 
The periodicity with which holomixis occurs in Lake Maggiore will be 
better defined when we have accumulated an adequate series of results on 
the circulatory period of this lake. Nevertheless it has been shown 
that, with an intensity and for a variable period of time from year to 
year, depending on the depth reached by the volume of circulating water 
and on duration of the same circulating period, the zooplankton of Lake 
Maggiore is transported into the profundal zone from which a large portion 
of its components do not succeed in regaining the trophogenic strata. 
From this follows the relative post-holomictic population reduction which 
we have already described. 
We can finally draw attention to one other point: what effect does 
this lesser availability of zooplankton have on the planktophagous fishes. 
From research by Berg and Grimaldi (1965) on the biology of two forms 
of coregonid (bondella and lavarello) in Lake Maggiore, it was found that 
the rate of increase of "ponderale specifico", that is to say the increase 
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"ponderale relative" daily (g) in fish of the same age (2+) was as follows: 
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Thus a flexure could be shown in the rate of daily increase, both in 
bondella and lavarello, in 1963 compared with 1962. 
But here we ought not to go beyond the permissible. The influence 
direct or indirect of the lower temperature of 1963 on the growth rate 
of the coregonid is certainly an event to be taken into account but at the 
same time we must not forget the fact that these fish feed almost exclusively 
on cladocerans. 
The results of this research, which we have analysed without permitting 
deductions not clearly documented, represent in our opinion an exciting 
point of departure for further enquiries. The contraction in density 
in biomass of zooplankton after a holomictic period could be analysed 
more fully, taking into consideration the different species and their stages 
of development, adopting however in this case methods of capture more 
suitable than those which we have used and paying particular attention to 
mesh-size. 
It is clear that after a holomictic period, as we have pointed out 
there is in the trophogenic zone a concentration of nutrients coming 
from the profundal hypolimnion, superior to that found when the lake only 
partially mixes: this promotes a notable increase in the production of 
phytoplankton, which attains a considerable biomass. 
This increase in algal density is certainly due to the greater 
availability of nutrient salts, but how much of it and in what way is it 
related to the reduction in biomass of the phytoplanktagous zooplankton 
and hence to the "grazing"? 
Finally, what are the consequences of this greater availability of 
food (algae) in accelerating the energetic metabolism of the phytophagous 
zooplankton which have succeeded in leaving the profundal regions and 
reached trophogenic water-strata or have continued their biological cycle? 
These are some questions which can only be answered when we have at 
our disposal sampling data from a larger number of situations similar or 
very different, but certainly our results should stimulate refinement of 
the knowledge provided so far. 
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